effects on the basis of observations made on living organisms. Organisms are the fundamental indicator of all processes running within the aquatic environment [Jankowski, 1994] . For years, macrophytes have been used in bio-indication of aquatic ecosystems. Their structure is adapted for a continuous contact with water. They have an extensive system of absorption of various microelements from the environment, both necessary for life, and harmful ones [Rabajczyk, Jóźwiak 2008] The aim of the study is to determine changes in the contents of zinc and lead in bottom sediments and roots of aquatic plants: Phragmites australis and Acorus calamus in the river Narew.
MATERIAL AND METHODS

Area of the study
The study object -river Narew flows through the north-eastern part of Poland, it has a length of 484 km, out of which 455 km flows in Poland, while the rest flows through the territory of Belarus. Narew river is a right tributary of the Vistula river. It is a typical lowland river, whose catchment covers an area of 75 175.2 km 2 . Hydrological conditions occurring in the Narew river catchment are typical for lowland rivers. The areas, through which the Narew river flows, from natural and ecological point of view, are one of the most valuable in Poland. The most important of them include: Bialowieza National Park, Narew National Park, and Biebrza National Park.
Factories localized in the Narew river catchment area rely mainly on raw materials of agricultural origin: sugar mills, slaughterhouses, dairies, as well as fruit and vegetable processing plants. Among other branches of industry in Podlasie, they are light and wood industry facilities, but agro-food industry is of the dominant importance.
Industrial and municipal wastewater treatment plants functioning in the catchment, in most cases meet the requirements specified in the water-legal permits, however, when assessing the overall quality of the water, the impact of wastewaters from larger towns located within the catchment, is visible [WIOŚ 2012] .
Analyzing the area crossed by the Narew river, it may be noted that municipalities are essentially agricultural. Consequence of this is the surface runoff from fields, which include fertilizers and plant protection means (that contain a group of active compounds of arsenic, copper, mercury, zinc, or lead).
Field and laboratory works
Fourteen points were assigned on the river Narew, where samples of bottom sediments and plant material were collected. They were located in such a way to allow for analysis of changes in water environment quality in the river, taking into account the tributaries and wastewater discharge points. Table 1 shows the location of the measurement points. Environmental sampling took place in summer 2012. Bottom sediments were collected in the coastal zone, where the deposition of suspended material occurs. Several individual surface samples of bottom sediments (from a depth of 10 cm) from underneath the water were collected in every selected point. The samples were then dried in air till the "air-dried" and stored until determinations [Lis and Pasieczna 1995] . Prior to chemical analysis, bottom sediment sample was dried at 40 °C and sieved through a nylon 0.2 mm mesh. Bottom sediments were mineralized using nitric acid with addition of hydrogen peroxide [Salminen et al. 2005 ] in a closed microwave system CEM Mars-5. An analysis of the granulometric composition of sediments by means of sieve method was also performed, involving the separation of raw airdry sediment samples for granulometric fractions in an appropriate set of sieves (hole size of: 2.0 mm, 1.0 mm, 0.2 mm, 0.1 mm, 0.063 mm, 0.02 mm) connected to a mechanical shaker. Tests of organic matter were carried out by annealing at a temperature of 550 °C, while the reaction of sediments -potentiometrically in water. Samples of aquatic plants (Phragmites australis and Acorus calamus) were collected from the same area as bottom sediments. Each plant test sample was a combination of at least 5 individual samples. After arrival in the laboratory, harvested plant roots were thoroughly washed with tap water to remove sediments and periphyton and rinsed with distilled water. Then they were dried till the constant weight at 80 °C [Mazej and Germ 2009] . After drying, samples were homogenized and mineralized in nitric acid with hydrogen peroxide using a microwave system CEM Mars-5. According to Du Laing et al. [2003] , the above method is most suitable for determination of heavy metals in Phragmites. The contents of lead and zinc were determined by flame atomic absorption spectrophotometry on a Varian device. Results of the content of tested metals were given in relation to air-dry sediments and compared with literature data as well as arithmetic means of these metals contents in bottom sediments for Poland (fraction <0.2 mm) [Lis and Pasieczna 1995] and Europe (fraction <0.15 mm) (Salminen et al. 2005 ). To assess the extent of sediment contamination by heavy metals, proposed classification of aquatic sediments in Poland based on geochemical criteria (Bojakowska and Sokołowska 1998) and on the basis of threshold values taking into account the harmful effects of pollutants accumulated in sediments to aquatic organisms, was applied [Bojakowska 2001 ]. The results of zinc and lead contents in common reed (Phragmites australis), and ordinary calamus (Acorus calamus) were based on the dry weight of plants and compared with literature data. In contrast, the physiological standard of metals contents for plants was given according to data presented by Kabata-Pendias, Pendias [1999] . Levels of zinc and lead bio-concentration indicator as a ratio of these metals in examined roots of aquatic plants to their contents in bottom sediments, were calculated.
A licensed version of Statistica 10 software was used for statistical analysis of test results. Arithmetic means, medians, standard deviations, and Spearman correlation coefficients were calculated. The results were also subject to Ward's agglomeration cluster analysis based on the concept of a distance of objects or variables in a multidimensional space.
RESULTS AND DISCUSSION
Particle size analysis of bottom sediments from the Narew river showed characteristics of loose sand. Only at the measuring point Narew it was found that there was a poor loamy sand. Two fractions showed the largest percentage: 1.0-0.2 mm (mean 55.75 ± 22.28%) and 0.2-0.1 mm (mean 25.88 ± 16.97%). Analyzed fractions 0.063-0.02 mm and <0.02 mm were absent at points in Bondary, Suraz, Debe, and Nowy Dwor Mazowiecki ( Table 2 ). The content of organic matter in samples of bottom sediments ranged from 0.05% to 1.59%. The highest content of organic matter was recorded in samples collected in the towns of Gnojno (1.59%) and Novgorod (1.17%). The lowest content not exceeding 0.3% was found at the measuring points: Suraz, Lomza, Rozan, Pultusk, Lubienica, Wierzbica, Debe, and Nowy Dwor Mazowiecki ( To estimate the size of the impurities in the trophic chains, the bio-concentration factor (BCF) is defined, which uses information about the concentrations of substances in an organism and the outside environment. A high bio-concentration factor can prove the increased bioavailability of a given substance for a particular organism. Aquatic organisms living in contaminated environment easily absorb toxic substances, even in small concentrations [Sadowska 2012 ]. The highest bioaccumulation appears to be for heavy metals due to their slow metabolism in an organism [Lamdrum et al. 1996 ]. Bio-concentration factor for zinc in common reed reached the mean value of 1.89 ± 0.64 and in 80% it ranged from 1.1 to 2.4. Its highest values were reported at measurement points: Gnojno (2.54), Nowy Dwor Mazowiecki (2.76), and Lubienica (3.15) . A similar range of BCF values occurred in the calamus: also 80% of the results ranged within 1.1-2.4 at slightly higher mean value of 2.14 ± 0.53. Also, the largest accumulation of zinc in calamus occurred in Lubienica (3.25). The test plants showed higher bio-concentration factor for lead at a large diversity of results with an average of: reed -3.58 ± 2.06, sweet flag -2.92 ± 1.31. It was shown that lead was the most accumulated in the common reed in Rozan (9.26), while calamus at the point in Suraz (5.01).
The results allow to conclude that at the measurement points Bondary and Narew, the accumulation conditions for elevated zinc and lead amounts occurred in bottom sediments and roots of plants. The metal contents at these points were two-three times higher than at neighboring points. This may be an effect of supply of unspecified substances from the area of Belarus to the river Narew waters. Siemianowka reservoir may also have large impact on the quality of river at the point Bondary. Algal blooms are frequent in the reservoir. The bottom of a shallow reservoir with a long water exchange time consists of marshland peat soils. However, in the Narew village, cleaned and treated household and industrial wastewater, as well as storm water, including agriculturaltype pollution, are discharged into the river. Considering the zinc and lead concentration in bottom sediments and plants along the entire length of the river, a downward trend is visible (Figures 1-6) .
The test material, in the form of numerical contents, was subject to statistical analysis. The analyzes showed a significant statistical correlation of zinc content in bottom sediments vs. its quantity in the roots of sweet flag (r = 0.86), organic matter (r = 0.72), and granulometric factions 0.1-0.063 mm (r = 0.56) and 0.063-0.02 mm (r = 0.70). It was also statistically confirmed that zinc content in the roots of Acorus calamus depends on the amount of organic matter in the sediment (r = 0.54), and zinc content in Phragmites australis (r = 0.64). Also significant correlations between the content of Pb in sediments vs. its content in the roots of Acorus calamus (r = 0.71) were found. There were positive correlations between the content of organic matter in bottom sediment and the percentage of two granulometric fractions 0.1-0.063 mm (r = 0.69) and 0.063-0.020 (r = 0.70) ( Table 4) .
During the analysis of the data obtained, Ward cluster analysis (CA) was carried out in relation to the variation of zinc and lead contents in bottom sediments and roots of reed and calamus, as well as the tested grain size of sediments, pH of sediments and organic matter. The Ward model consists of two main groups and four subgroups. The analysis of the first main group showed that lead content in reed and calamus roots was associated with the fraction of 1.0-0.2 mm, the amount of which was the highest in studied sediment -about 56% of weights. Besides the first major group, the diagram also illustrates the relationship of zinc content in reeds and calamus vs. its amount in bottom sediments. The second cluster indicates that the accumulation of lead in sediments is mainly connected with the fraction of 0.1-0.063 mm and 0.2-0.1 mm (together about 65% of weights), as well as with organic matter, pH, and fractions 2.0-1.0 mm and 0.063-0.02 mm (Figure 7 ). 2. The achieved analysis results of plant material indicate a slight exceeding in the case of lead.
3. Zinc and lead concentrations in bottom sediments and plant roots considerably depended on the measurement point. Spatial distribution of these metals contents in the tested plant roots correlates with their contents in sediments. It was proved that aquatic plants are characterized by a greater tendency to accumulate zinc and lead rather than bottom sediments.
4. Sediments particle size and organic matter are factors that affect the zinc and lead contents in bottom sediments also in test plants, which was statistically confirmed.
